Abstract. The aim of the present study was to globally characterize the cancer stroma expression profile of muscle-invasive bladder cancer in different metastatic risk groups and to discuss the decisive role of biological pathway change in cancer heterogeneity. Laser capture microdissection was employed to harvest purified muscle-invasive bladder cancer stromal cells derived from 30 clinical samples deriving from 3 different metastatic risk groups. Isobaric tags for relative and absolute quantitation (iTRAQ) and two-dimensional liquid chromatography tandem mass spectrometry (2D LC-MS/MS) were used to identify the differentially expressed proteins. Subsequently, the differentially expressed proteins were further analyzed by bioinformatics tools. After completing the above tasks, the proteins of interest were further compared with the published litterature. We identified 1,049 differentially expressed proteins by paired comparison (high risk vs. median, low risk and normal groups; median risk vs. low risk and normal groups, low risk vs. normal group; a total of 6 comparisons). A total of 510,549,548 proteins as significantly altered (ratio fold-change ≥1.5 or ≤0.667 between the metastatic potential risk group and the normal group) were presented in the low/ median/high metastatic risk group, respectively. Pathway analysis revealed that the differentially expressed proteins were mainly located in the Kyoto Encyclopedia of Genes and Genomes pathways, including focal adhesion pathway, systemic lupus erythematosus pathway and ECM-receptor interaction pathway. In addition, several proteins such as EXOC4, MYH10 and MMP-9 may serve as candidate biomarkers of muscle-invasive bladder cancer. Our study confirmed that stromal cells, an important part of the cancer tissue, are pivotal for regulating the heterogeneity of cancer. Common changes in biological pathways determined the malignant phenotype of muscle-invasive bladder cancer, and biomarker discovery should take into account both neoplastic cells and their corresponding stromata.
Introduction
Bladder cancer is one of the most common urologic malignant disease and shows an increasing tendency worldwide (1) . Tremendous difference in prognosis is noted among patients with muscle-invasive bladder cancer under the same condition of pathological stage and grade (2) . Therefore, heterogeneity plays a crucial role in the metastatic potential risk for muscleinvasive bladder cancer patients. In recent decades, even though much research based on bladder cancer has been performed, the biological basis of this disease remains enigmatic (3) . Our research based on proteomics is one way to explore the carcinogenic mechanism. In the present study, we performed quantitative research on muscle-invasive bladder cancer. The isobaric tag for relative and quantitation (iTRAQ) technique was employed to quantitatively analyze the protein expression levels of samples while covering the shortage of the traditional shot-gun strategy. The quantitative analysis of proteins also contributes to bladder cancer biomarker panel findings.
In recent years, the vital role of cancer stroma in metastatic potential heterogeneity has been the focus of cancer research (4) . Research indicates that the dynamic changes in the extracellular matrix and changes in stromal biology signaling cascades are correlated with tumor metastatic potential (5) . Tumor heterogeneity is influenced by several factors, such as the genetic contribution, cancer stem cell differentiation and the tumor microenvironment interaction. Regarding the tumor microenvironment, several types of non-neoplastic cells, such as cancer-associated fibroblasts, endothelial cells and immune cells, together constitute the tumor stroma and influence the heterogeneity of the tumor in various ways. Tumor heterogeneity can also be affected by bioactive proteins, such as immune and inflammatory factors (6) . Due to changes in bioactive proteins, the biological pathway is altered correspondingly and reflects the features of heterogeneity in the In the present study, we aimed to explore the muscleinvasive bladder cancer heterogeneity by analyzing changes in the biological pathways.
Materials and methods
Patients and tissue samples. This study included a total of 30 patients, derived from 3 risk groups. Thirty samples (cancerous and normal urothelial tissues confirmed by 2 individual pathological diagnoses) were obtained from patients treated at The Affiliated Hospital of Qingdao University immediately after radical cystectomy due to primary invasive bladder cancer (7) . The cancerous and the adjacent microscopically normal urothelial (5 cm away) samples were washed 3 times in 5 ml of sterile PBS and then flash frozen in liquid nitrogen within 30 min of removal. Patient consent forms were obtained and tissue-banking procedures were approved by the Institutional Review Board.
Laser capture microdissection. Bladder cancer tissue sections were stained with toluidine blue to guide microdissection. Sections (8-µm) were air-dried and cut with a Leica AS LMD Laser Capture Microdissection System (Sunnyvale, CA, uSA). Approximately 300,000 shoots of tumor or normal urothelial cells from each sample were microdissected and stored on microdissection caps. The cells were captured within 120 min to protect protein from degradation. Cells of interest were dissolved in lysis buffer (65 mM DTT, 4% CHAPS, 95 mM urea, 40% mM Tris). Subesquently, specimens were solubilized via sonication using 20-sec bursts, followed by ice cooling (20 sec), in a process that was repeated 5 times. After completing the above steps, the crude tissue extracts were centrifuged for 45 min at 15,000 rpm to remove the biomembranes, DNA, and other undissolved materials. These tissues were flash frozen in liquid nitrogen and stored at -80˚C until use. Fig. 1 shows a representative LCM process of a specimen.
Sample preparation. Two hundred micrograms of cancer stromal tissue from 10 cases/group was prepared and digested with trypsin. A total of 100 µg of peptides from each group was labeled with iTRAQ reagents following the manufacturer's instructions (Applied Biosystems redundancy. For protein quantification, the ratios of iTRAQ reporter ion intensities from the raw data sets were used to calculate fold changes between samples. The peptides (unique for a given protein) were considered for relative quantitation, excluding those common to other proteins within the same family. The ratios were normalized to the mean value of the 50 ratios identified with the highest number of peptides. Then the protein lists were generated.
Pathway analysis. The names of the differentially expressed proteins were converted from IPI database to SWISS-PROT database using Array Track™ (Jefferson, AR, USA) software. Array Track offers a simple query interface to retrieve information concerning human protein expression profile, and provides direct connections to related metabolic and regulatory pathways available from Kyoto Encyclopedia of Genes and Genomes (KEGG) (8) . The SWISS-PROT names of the differentially expressed proteins were used for pathway analysis based on Array Track. For statistical analysis, a P-value for pathway enrichment was obtained using the hypergeometric test, and P<0.05 was considered to indicate a statistically significant difference.
Results

Identification of the differentially expressed proteins.
More than 1,000 proteins were identified and quantified by iTRAQ technique and 2D LC-MS/MS. To obtain the differentially expressed proteins, the protein profiles of different metastatic potential risk groups were compared by paired comparison (high risk vs. median, low risk; median vs. low risk), a total of 3 comparisons. We accepted the differentially expressed proteins as follows: i) proteins reappeared 3 times in the triplicate experiments and ii) proteins were identified based on ≥2 peptides. Based on these criteria, a total of 1,049 proteins were identified as differentially expressed proteins in our research.
In addition, when the protein expression level showed a ratio fold-change ≥1.5 or ≤0.667 compared to the normal group Table I . Proteins located in the top 10 altered pathways among the three metastatic potential risk groups. For corresponding pathways, "a" located in Table I represents a set of proteins which are located in Table II. (high/median/low risk group vs. normal group, respectively, a total of 3 comparisons), we accepted it as a significantly altered protein. After the comparison, 510,549,548 proteins as significantly altered proteins were present in the low/median/ high metastatic risk groups, respectively.
SWISS-PROT name in the 3 risk groups
Analysis of the significant pathways. Differentially expressed proteins (363 of 510) with SWISS-PROT numbers were analyzed by Array Track software (database was accessed on Jun. 12, 2012); similarly 395 of 549 for the median risk group and 388 of 548 for the high risk group. Pathway analysis showed that 198 proteins were located in biological KEGG pathways and were defined as potential biomarkers in the low risk group, and 220/205 proteins in the median/high risk groups, respectively. These proteins were thought to be potential candidate biomarkers for diagnosis or prognosis of bladder cancer. The distinctly altered pathways mainly included focal adhesion, systemic lupus erythematosus and ECM-receptor interaction pathway. Tables I and II show the major altered pathways and the specifically expressed proteins in the different metastatic potential groups.
Discussion
Bladder cancer is the most common urologic malignant disease, and the features of the mutationally corrupted cells are closely related to the tumorigenic microenvironment (5). Recently, most research concerning bladder cancer has focused on the heterogeneity of the mutated cells, but has neglected the vital role of the stroma which is one of the crucial driving forces for tumor heterogeneity. After protein detection by iTRAQ technique and 2D-LC-MS/MS analysis, 1,049 proteins were identified as being differentially expressed among 3 metastatic risk groups. The smallest and largest molecular weight (MW) values observed in the proteins were 5.5 and 629.1 kDa, and the proteins were distributed across a wide isoelectric point range (3.67-11.98). Several proteins have been reported previously and a significantly altered expression level of these proteins is closely related to tumor characteristics. For example, isocitrate dehydrogenase cytoplasmic enzyme (IDHC) may defend against oxidative damage of cells, and was significantly differentially expressed among the 3 metastatic potential risk groups. Although the Glutathione metabolism GCLM, GPX3, GSR, GSTM3, IDH1, MGST1, TXNDC12 specific role for the deregulation of IDHC in bladder cancer is not clear, research indicates that the early loss of IDHC may decrease the antioxidant capacity of cells and finally promote tumor progression and metastasis (9) . ACTB (β-actin) is a cytoskeleton structural protein and it regulates motility in several types of cells. In our study, ACTB protein was distinctly weakly expressed in the stroma of muscle-invasive bladder cancer. However, in regards to the intracellular expression level, ACTB was reported to be highly expressed in non-small cell lung cancer cell lines at the mRNA and protein levels. Therefore, the different expression level of ACTB inside and outside cancer cells might be a clue for tumorigenesis (10) (11) (12) . In our research, the expression level of integrin α(M)β 2 (ITAM) increased in turn from the high risk group to the low risk groups (Table Iv) . Recently, Ma et al provided a new insight for ITAM in the aspect of tumor metastatic mechanism. ITAM, a type of immune adhesion molecule, is transferred from innate immune cells to tumor cells via microparticles (derived from innate immune cells). Then the tumor cells acquire a transient immune phenotype and metastasize to distant organs. Due to the protein derived from stromal cells of bladder cancer, the level of ITAM had an inverse relationship between inside the cells and outside the cells (13) . Thus, the different expression levels of ITAM in the 3 metastatic potential risk groups may account for the metastatic potential heterogeneity of bladder cancer.
Multiple altered biological pathways were present in the muscle-invasive bladder cancer and might play a vital role in regulating the metastatic potential heterogeneity of malignant disease. In our study, 510,549,548 proteins were identified as being significantly altered in the low, median and high metastatic potential risk groups, respectively. Two hundred and seventy-one (low risk), 264 (median risk), 208 (high risk) proteins were located in KEGG pathways using Array track software. As shown in Table III , our results illustrated that the divergently altered biological pathways presented in the 3 metastatic potential risk groups may play a key role in regulating the metastatic potential heterogeneity of muscleinvasive bladder cancer. The KEGG pathway of systemic lupus erythematosus (SLE) was one of the significantly altered biological pathways. Immune system dysfunction has been reported to play a vital role in the metastasis of neoplasms (13) . Thus, the differentially altered KEGG pathway of SLE among the 3 risk groups (Fig. 3 and Table III) illustrate that immunological dysregulation is one driving force resulting in tumor metastatic potential heterogeneity. The KEGG pathway of SLE was the most prominently altered pathway noted in the list of altered pathways in the low/median metastatic potential risk groups (Table III) . There are several types of immunocytes presented on the KEGG SLE pathway map, such as macrophages, neutrophils, antigen-presenting cells.
Macrophage migration inhibitory factor (MIF), upregulated in the 3 metastatic groups (Table Iv) , is thought to be released from monocytes/macrophages (14) and acts as a regulator of innate immunity. Jung et al reported that overexpression of MIF can suppress the tumor-suppressor gene p53, leading to uncontrolled cell growth (15) . In addition, overexpression of MIF can result in upregulation of hypoxia inducible factor-1 (HIF-1); this change leads to the overexpression of several genes, such as matrix metalloproteinases (MMPs) and vascular endothelial growth factor (VEGF), consequently promoting tumor metastasis and angiogenesis (16) . The differential expression level of MIF among the different risk groups reflects the metastatic potential heterogeneity of muscle-invasive bladder cancer. In the high metastatic potential risk group, the KEGG complement and coagulation cascade pathway was shown as the most prominently altered one (Table III) . Nineteen proteins located in this pathway are thought to be candidate biomarkers for bladder cancer ( Tables I and II) . Among them, α-2-macroglobulin (A2M) is one of the serum proteinase inhibitors located in this pathway (Table ΙΙ) . Research has shown that the serum level of A2M has an inverse relationship with PSA in prostate cancer patients and A2M (activated state) can promote tumor development and progression by mediating proliferation, pro-migratory, and anti-apoptotic signaling mechanisms (17, 18) . The other KEGG pathways, including protein processing in endoplasmic reticulum, Staphylococcus aureus infection, ECM-receptor interaction, focal adhesion and tight junction, were also divergently ranked among the 3 metastatic risk groups (Table ΙΙΙ) . It can be derived from the analysis of the data that the simultaneous change of multi-pathways is one of the effective ways to account for the metastatic potential heterogeneity in terms of muscle-invasive bladder cancer.
To clarify the alterations in pathways, it is necessary to understand the heterogeneity of tumors. In our study, the KEGG ECM-receptor interaction pathway was confirmed as one of the significantly altered pathways among the 3 risk groups. According to the P-value, all altered pathways were ranked in ascending order. The KEGG ECM-receptor interaction pathway ranked 5th in the high risk group, 4th in the median risk group and 2nd in the low risk group, respectively (Table ΙΙΙ) . Fibronection (FN1) is a non-collagenous glycoprotein (19) and was upregulated in our results (Table Iv) . The other proteins, such as collagen, laminin and tenascin were downregulated in the protein list (Fig. 2) . All of these proteins were located in the KEGG ECM-receptor interaction pathway. Ioachim et al showed that the expression of tenascin, fibronectin and collagen appears to be correlated with more aggressive tumor behavior, and their interrelationship could influence tumor progression by remodeling bladder cancer tissue (20) . In addition, CD44 was abnormally expressed in the low risk group (Table I) . CD44 is a transmembrane glycoprotein which acts as a 'node' to interact with collagen, fibronectin and laminin in the KEGG ECM-receptor interaction pathway (Fig. 2) . Henke et al indicated that malignant cells used CD44-related chondroitin sulfate proteoglycan as a matrix receptor to mediate metastasis (21) . Therefore, the divergently altered KEGG ECM-receptor interaction pathways among the 3 metastatic risk groups reflect that the biological pathways may be pivotal for regulating the metastatic heterogeneity of bladder cancer. Moreover, the KEGG focal adhesion pathway functions as the sub-pathway of the ECM-receptor interaction pathway, and was cross-linked by integrin α and β, which makes it another significantly altered pathway in our study. According to the P-value, the pathway lists showed that the KEGG focal adhesion pathway ranked 7th in the high risk group and 6th in the median and 4th in the low metastatic risk group. Actinin-4 (ACTN4) and growth factor receptor-bound protein 2 (GRB2) act as candidate biomarkers located in the focal adhesion pathway. ACTN4 was specifically located in the low risk metastatic potential group, and GRB2 in the high risk metastatic potential risk group, respectively. For ACTN4, Yamamoto et al indicated that the ACTN4 gene, mapped to the chromosomal band 19q13.1-q13.2, was commonly amplified in ovarian cancer cells. The actinin-4 protein was found to play an important role in the pathogenesis of ovarian cancer (22) . In addition, GRB2 acts as a downstream intermediary in several oncogenic signaling pathways. The human GRB2 gene is located in chromosome 17q22 which is known to be duplicated in solid tumors. GRB2 signaling has been implicated in the pathogenesis of several human cancers (23) . Other proteins located in the KEGG focal adhesion pathway were thrombospondin-1 (THBS1) and talin-1 (TLN1) ( Tables I and II) . From another perspective, mechanical signaling plays a crucial role in the metastasis of tumors. Cells receive mechanical signals from the extracellular matrix through focal adhesions. Focal adhesions are the major sites of interactions between extracellular mechanical signals and intracellular biochemical signaling molecules. Cells respond to signals through integrinrelated signaling pathways to maintain cellular migration function. Accordingly, the above analysis provides effective support for the theory which states that biological pathway change may play a crucial role in regulating bladder cancer metastatic heterogeneity (24) .
Another contribution of pathway analysis is the confirmation of candidate biomarkers. The protein exocyst complex component 4 (EXOC4) is a key protein in the KEGG tight junction pathway and was expressed differentially among the 3 metastatic risk groups (Table Iv) . Yamamoto et al found that EXOsec8 (aliases for EXOC4) was overexpressed in oral squamous-cell carcinoma (OSCC) and plays a crucial role in OSCC progression by promoting secretion of matrix metalloproteinases (MMPs) (25) . MMPs can induce gaps in the ECM to promote cancer metastasis by degrading associated proteins (24) . The abnormal expression of protein EXOC4 was first identified in muscle-invasive bladder cancer in our study and EXOC4 may act as a candidate biomarker in bladder cancer. In addition, MMP-9 is another protein whose expression level was significantly altered among the 3 risk groups (Table IV) . Some researchers have shown that the MMP gene contained the E2F (E2F is a group of genes that codifies a family of transcription factors) binding site in the promoter region and is regulated by E2F transcription factors which play a crucial role in promoting metastasis (26) . Ramón de Fata et al found that patients with bladder cancer had a higher level of MMP-9 in the serum than controls, and serum MMP-9 has application in the prediction of the progression of bladder cancer (27) . Myosin-10 (MYH10), one of the cytoskeletal regulators, was located in the KEGG tight junction pathway. The expression level is shown in Table IV . MYH10 can regulate mitosis and endothelial cell migration by interacting with microfilaments and microtubules (28) . Although little information is available to show the role of myosin-10 in human bladder cancer progression, based on our results, myosin-10 may affect the prognosis of human bladder cancer and is thought to be a candidate biomarker (28, 29) .
In conclusion, based on our results, 1,049 proteins were identified as being differentially expressed and 510,549,548 proteins as being significantly altered proteins in the low/median/high metastatic risk groups, respectively. Pathway analysis shows that the differentially expressed proteins are mainly located in the systemic lupus erythematosus pathway, ECM-receptor interaction, focal adhesion, and tight junction pathways. Our study confirmed that stroma is an important part of the tumor and plays a vital role in regulating the heterogeneity of muscle-invasive bladder cancer. Commonly altered biological pathways determine the malignant phenotype of muscle-invasive bladder cancer. Biomarker discovery should take into account both neoplastic cells and the corresponding stroma.
